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(sj) An evacuated flat panel device comprises an 
envelope, including a face plate (1), an anode (3) and 
n fluorecent layer (5). Deposited on the back plate 
(11) are cathode (9) and a plurality of struts (S) for 
passing a micro current between electrodes in order 
to prevent an unfavorable spark discharge from tak- 
ing place between the electrodes (3) and (9). 



Fig . 5 
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FLAT PANEL DISPLAY DEVICE 



BACKGROUND OF JUL INVENTION 



(Field of the Invention) 

The present invention generally relates to a flat 
panel display device having electrodes and lumi- 
nous layer. This invention may be embodied, for 
example, in a television receiver set or a calculator, 
but it will be appreciated that it is also useful in 
other applications. 

(Description of the Prior Art) 

Many of the patents issued in various countries 
recognize the need for employing a support inside 
the evacuated fiat panel display device in order to 
make the display device withstand the atmospheric 
piessurc;. 

For example, U.S. Patent No. 4145633 which 
was issued to Peters et al. on March 20. 1979 is 
typical of such systems as are U.S. Pat No. 
4341980 which was issued to Noguchi et al. on 
July 22, 1982; U.S. Patent No. 4356427 which was 
issued to Noguchi et al. on October 26, 1982; U.S. 
Patent No. 4622492 which was issued to Barton on 
November 11, 1986; and U.S. Patent No. 49009B1 
which was issued to Yarnazaki et al. on February 
13, 1990. (corresponding to the Japanese Laid- 
open Patent Publication No. 62-147635, published 
July 1, 1987) 

Fig. 1 comprised of Figs. 1A and 1B shows the 
support which U.S.Patent No. 4145633 discloses. 
In this patent, a plurality of spaced, parallel, sub- 
stantially semi -cylindrical beads 132 of a rigid ma- 
terial are disposed on one surface of face plate 1 31 
and are surrounded by the phosphor piate. Each of 
beads 132 fits in the groove 134 defined in a metal 
strut 133 to avoid a lateral movement of the olcc 
troae. One end of each metal strut 133 opposite to 
thp grr>r>vp 13^ 'T d' r ectly compressed mtc the 
support 136 of insulative material such as glass 
through a respective hole defined in the shadow 
mask 13b. The phosphor plate, the metal strut 133 
and the shadow mask 135 arc applied the same 
voltage. However, since this panel has a construc- 
tion wherein a contact to the control electrodes 
having lower voltage than that of shadow mask 135 
is made through insulating support 136, it is not 
permitted to apply a required high voltage to this 
panel due to the tendency of a spark discharge to 
occur through support 136. 

Furthermore, because this support 136 is con- 



nected to the phosphor plate through the metal 
strut 133, unless an electrode having substantially 
same voltage between shadow mask and phosphor 
plate exists, the electron beam may be deflected 

5 out of its intended trajectory under the influence of 
voltage of the support. 

Fig. 2 shows the support which U.S.Patent 
Nos. 4341980 and 4356427 disclose. Between met- 
al back layer 43 on fluorescent layer 144 and third 

io electrode 141 among a flat electrodes, a cylindrical 
insulator 142 as support is arranged. According to 
U.S. Patent Nos. 4341980 and 4356427 which spe- 
cifically disclose the properly required for supporl 
142. If this support 142 is made of a well-known 

T5 glass material, the support 142 will lose an insulat- 
ing property because the dielectric property is 
lowered with time. Therefore, this patent suggests 
the use of non-alkaline glass as material for the 
support. However, the use of glass of such a spe- 

20 ciai composition costs much disadvantageous!*; . In 
addition, ine necessity of the supporl being pro- 
cessed to assume a rod-like configuration with the 
use of glass of the special composition renders the 
cost to increase. Furthermore, it is inevitable for the 

25 rod-like support to be thinner as the pitch between 
each neighboring pixels on fluorescent layers is 
reduced. This in turn narrows the electrode-to-elec- 
trode distance, resulting in a reduction in break- 
down voltage characteristic. 

30 Fig. 3 comprised of Figs. 3A and 3B shows the 

struts disclosed in U.S.Patent No. 4622492. The 
envelope of flat panel display device is divided into 
a number of modules by means of reinforcement 
partitions 151. These partitions 151 made of elec- 

35 trie insulator have a portion of deflection electrodes 
152 and contact the display screen 153. This in- 
vention is featured in the envelope having a V- 
shaped concave groove on it's outer surface to 
make tne partitions 151 substantially invisible. How- 

40 ever, the dispiav panel of this patent can not be 
applied a required nigh potential tor tne same 
reason as that discussed in connection with U.S. 
Patent Hz. 4145633. 

U.S. Patent No. 4622492 also discloses an 

A r o embodiment of a gas discharge panel. However, 
this gas discharge panel has a problem in that a 
discharging ability can not be maintained stably 
due to its construction having the reinforcement 
partitions made of electric insulator. 

so Fig. 4 shows the support disclosed in 

U.S.Patent No. 4900981. This support 161 com- 
prises a supporting plate 162 and a supporting rod 
163 which faces a fluorescent layer 165 on a face 
plate 164. Because supporting rod 163 made of 
metat is applied the same potential as a high 
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voltage applied to a fluorescent layer 16b, there will 
be no spark discharge available. However, a spcrk 
discharge take place so of ton around deflecting 
electrodes formed on supporting plate 162 made of 
electric insulator. Especially between electrodes to 
which substantially same voltage as that applied to 
fluorescent layer 165 and adjacent electrodes, a 
spark discharge occurs remarkably. 

Large-sized flat pane) display devices of the 
prior art employ supports arranged inside the panel 
to hold and prevent the panel from undergoing an 
implosion by the effect of atmospheric pressure. 

However, These supports made of insulator are 
difficult to maintain a sufficient voltage breakdown 
characteristic since those supports are positioned 
between an electrode such as a fluorescent layer, 
applied with a high voltage, and an electrode such 
as a electrode facing the fluorescent iayer to which 
a voltage lower than that high voltage is applied. It 
is too hard to realize a insulator providing a suffi- 
cient distance between each electrodes and no 
visual damage by its own shadow to the display 
screen. 



SUMMARY OF THE INVENTION 



The present invention has been developed with 
a view to substantially eliminating the above dis- 
cussed problem inherent in the prior air flat panel 
display devices and is intended to provide an im- 
proved flat panel device wherein means is provided 
to avoid a possible damage on not only luminous 
layer and electrodes but also the entire device 
which would otherwise be caused by a spark dis- 
charge between members with high electric poten- 
tial difference. 

In order to accomplish this object, the present 
invention provides a flat panel display device which 
comprises a luminous layer, electrodes, conductive 
support struts and casing body. 

According to the present invention, the conduc- 
tive support struts located on at least one of two 
opposite sunaces of plate members are aesignea 
to substantially eliminate electric spark discharge. 
Preferably, each conductive support strut is made 
of glass material so as to define a generally conical 
dot shape or bead-like shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 



This and other objects and features of the 
present invention will readily be understood from 
the following description taken in conjunction with 
preferred embodiments thereof with reference to 



the accompanying drawings, in which: 

Fiq. 1A shows a fragmentary sectional view of a 

portion of one of the prior art panels. 

Fig. 1B shows a fragmentary sectiona! view 

6 showing, on an enlarged scale, a portion of Fig, 

1A which is enclosed by the circle. 
Fig. 2 shows a fragmentary sectional view of a 
portion of another one of the prior art panels. 
Fig. 3A shows a perspective view, which a por- 

70 tion removed, of still another one of the prior art 
panels. 

Fig. 3B shows a fragmentary sectional view of a 
portion of Fig. 3A which is enclosed by the 
circle. 

15 Fig. 4 shows a sectional view of a portion of a 
further one of the prior art panels. 
Fig. 5 shows a fragmentary sectional view of a 
flat panel display device according to a first 
embodiment of the present invention. 

20 Fig. 6 shows a fragmentary sectional view of the 
flat panel display device according to a second 
embodiment of the present invention. 
Fig. 7 shows a fragmentary view, on an enlarged 
scatc. o f the fiat oanel display device of Fig ft 

25 Fig. 8 shows an exploded view of the flat panel 
display device of Fig. 6 with power circuits. 
Fig. 9 shows a fragmentary view of a further 
modified flat panel display device according to a 
third embodiment of the present invention. 

30 Fig. 10 shows a perspective view showing modi- 
fied intermediate electrodes which may be em- 
ployed in any one of the second and third 
embodiments of the present invention. 
Fig. 11 shows a plane view of the modified 

35 intermediate electrodes of Fig. 10. 

Fig. 12 shows a fragmentary sectional view of a 
fourth embodiment of the flat panel display de- 
vice of the present invention. 
Fig. 13 shows an exploded view, on an enlarged 

40 scale, showing a modification of the device of 
Fig. 12. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

4b 



First Embodiment 



bp Referring to Fig. 5, a flat panel display device 

according to a first embodiment of the present 
invention is shown which comprises a face plate 1 
made of a transparent material, such as glass, an 
anode 3 deposited on the face plate 1, and a 

55 fluorescent member 5 deposited on the anode 3. 
The fluorescent member b may be provided en- 
tirely over the anode 3 or in stripes. The flat panel 
display device further has a back plate 11 also 
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made of glass and side walls 13 ext ending be- 
I ween the face plate 1 and back pinto 1 1 and along 
the perimeter of the face and back plates so as to 
define an airtight housing by a sealing member 15 
applied at joints between the face plate 1 and side 
wall 13, and also between the back plate 11 and 
side wall 13. 

Deposited on the back plate 1 1 are cathode 9 
and a plurality of struts S. Cathode 9 is formed by 
a metal embossed plate made of for example, 
tangsten, molybdenum, and is used as a field emit- 
ter. According to the preferred embodiment, struts 
S are formed by screen printing effected on the 
back plate 11. Thus, the tip of each strut S is 
rounded as shown in Fig. 5. Each strut may be so 
formed as to have a shape of round projection as 
in a shape of thimble or to have a shape elongated 
oval projection as in a shape of semi-cylindrical 
beads. According to a preferred embodiment, outer 
surface of each strut may be covered with a ma- 
terial SE for enhancing the secondary emission of 
electrons, resulting in multiplication of the electron 
beams, realizing brighter image on the display. The 
secondary emission material SE can be formed by 
glass through screen printing, resulting in simple 
manufacturing steps and low manufacturing cost. 
The height of each strut S is approximately equal 
to the height of side wall 13 Inside the housing 
defined by face and back piates 1 and 11 and side 
wall 13 is vacuumed, so that by the atmospheric 
pressure, face and back plates 1 and 1 1 are forced 
towards each other, resulting in pressure contact of 
struts S against the anode 3. 

In operation, when a power is turned on, each 
cathode 9 emits electrons toward the facing anode 
3 in response to the voltage applied thereto. When 
emitted electrons impinge on anode 3, fluorescent 
member 5 emits light so as to provide an illuminat- 
ing image on face plate 1, when viewed from a 
side in front of the face plate. 

Struts S are made of electric conductive ma- 
terial, such as glass but containing PbO as the 
major elements by the technique of screen printing. 
According to the present invention, each strut S, 
particularly me surface iaye: thereof, has such an 
electric conductive characteristics that the specific 
resistance ;s set between 10' iu 10"" iVun. Outer 
materials such as Pd compounds, Ag compounds, 
RuO? compounds or PI compounds can be used 
for forming the struts. For RuO? compound, 
Pb2Ru20e or EfoRuzO can be used. As the elec- 
tric potential between anode 3 and cathode 9 in- 
creases a small leakage current, such as 1 uA in 
total through all the struts, flows through the struts. 
Thus, the electric potential accumulated between 
electrodes 3 and 9 will be maintained within a 
predetermined level, so that no spark discharge will 
take place between the electrodes 3 and 9. 



Second Fmbodiment 



Referring to Fig. CI a flat panel display device 
according to a second embodiment comprises 1ace 

5 plate 1 on which a anode 3 and fluorescent mem- 
ber (not shown) are deposited, a back plate 11 on 
which a filament cathode structure 18 is supported 
by a suitable spring and a side wall 13 connected 
to face plate 1 and back plate 11 in an airtight 

to manner. An airtight housing is defined by back 
plate 11 carrying filament cathode 18 as tho elec- 
tron beam source, face plate 1 and side wall 13. 
According to the second embodiment shown in Fig. 
6, face plate 1 further has struts Sf and back plate 

re 11 further has struts SB, which are rigidly mounted 
respective plates in a similar manner described 
above in connection with Fig. 5. 

The struts Sf on face plate 1 extend parallel to 
each other with a predetermined pitch provided 

20 between the struts SB. Likewise the struts S on 
back plate 11 extend parallel to each other with a 
predetermined pitch provided between the struts 
SB. Furthermore the struts on face plate 1 and the 
struts on back oiafe 11 are m orthogonal relation- 

25 ship to each other. 

Provided in the housing, particularly between 
face plate 1 and back plate 11 is an intermediate 
electrode structure 14, which according to the sec- 
ond embodiment comprises four beam control lay- 

30 ers G1, G2, G3 and G4, which are placed one over 
the other. 

Referring to Fig. 7, beam control layer G3 
comprises an insulation plate P3 having an upper 
surface deposited with elongated electrodes E3 

35 and a lower surface deposited with elongated elec- 
trodes E3', such that electrodes E3 and E3' extend 
in parallel to and in opposing relationship with each 
other. In this embodiment, it is assumed that the 
direction in which the elongated electrodes E3 and 

40 E3 extend corresponds to horizontal scan direc- 
tion, as shown by an arrow H, and the direction 
perpendicular to the H direction is vertical scan 
direction, as shown by an arrow V. 

A plurality of through holes 35 are provided, 
e.act; extending fiom tiled' ode E3 through P3 to 
opposite electrode E3 . Through-holes' 35 are 
aligned along each electrode with a predetermined 
pitch. Thus through holes 35 are aligned in two 
orthogonal directions, i.e. the horizontal direction 

so and the vertical direction. Furthermore, beam con- 
trot layer G3 has struts S3 mounted on the upper 
surface of the insulation plate P3 crossing elec- 
trodes E3 and extending in the vertical direction 
with a predetermined pitch, but orthogonal to the 

55 electrodes E3, which extend in the horizontal direc- 
tion. Struts S3 are positioned between a line along 
which holes are vertically aligned and another line 
along which adjacent holes are vertically aligned, 
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so that struts S3 do not cover any of the through 
holes 35. 

Similarly, beam control layer G3 has struts S3, 
mounted on the lower surface of the insulation 
plate P3 electrodes E3 and extending in the verti- 
cal direction with a predetermined pitch. Since 
struts S3 ate positioned in opposing relationship 
with struts S3, the through-holes will not be cov- 
ered by the struts S3 . Thus, both struts S3 and 
S3' extend in the vertical direction for the beam 
control layer G3. 

Other beam control layers G1, G? and G4 are 
formed in a similar manner to beam control layer 
G3. 

The beam control layer G4 is placed on the 
face plate t such that the struts Sf mounted on 
face plate 1 intercepts perpendicularly with respect 
to the struts S4 provided in the beam control layer 
G4 with rounded tips thereof being heirl in contact 
with each other. 

Similarly, the beam control layer G3 is placed 
on the beam control layer G4 such that the struts 
S4 of layer G4 intercepts perpendicularly tn the 
stints S3 provided in the beam cunlmi iayei G3 
with rounded tips thereof being held in contact with 
each other . 

Likewise the beam control layer G2 is placed 
on the beam control layer G3 such that the struts 
S3 of layer G3 intercepts perpendicularly to the 
struts S2 provided in the beam control layer G2 
with rounded tips thereof being held in contact with 
each other. Furthermore, the beam control layer G1 
is placed on the beam control layer G2 such that 
the struts S2 of layer G2 intercepts perpendicularly 
to the struts St provided in the beam control layer 
G1 with rounded tips thereof being held in contact 
with each other. 

Finally, beam control layer G1 is placed imme- 
diately under the back plate 1 1 such that the struts 
SB mounted on back plate 11 intercepts perpen- 
dicularly with respect to the struts S1 provided in 
the beam control layer G1 with rounded tips there- 
of being held in contact with each other. Inside the 
housing defined by face and back plates 1 and 1 1 
and side wan 13 is vacuumed, so that by the 
atmospheric pressure, face and back plates t and 
i i are forced towaras eacn otner, resulting in pres- 
sure contact of struts, such as between SB and S1, 
Si and S2, S2 and S3, and so on. 

As shown in Fig. 8, a cathode driver 21 is 
connected to cathode 18; back plate voltage source 
23 is connected to a back plate electrode provided 
on the back plate 11; G1 voltage source 25 is 
connected to electrodes provided in beam control 
layer Gt; G2 driver 27 is connected to electrodes 
provided in beam control layer G2; G3 driver 29 is 
connected to electrodes provided in beam control 
layer G3; G4 voltage source 31 is connected to 



electrodes provided in beam control layer G4; and 
anode voltage source 33 is connected to anode 3 
provided on the face plate 1. Furthermore, all the 
circuits 21, 23, 2D, 27, 29, 31 and 33 ate connected 

5 to a signal generator 19B which is in turn con- 
nected to a power source 19A. 

In operation, when a power is turned on, each 
filament cathode 18 emits a plurality of electron 
beams diversely in response to the voltage applied 

/o between back plate electrode and intermediate 
electrode G1. The electrons are transmitted 
through-holes 35. The electron beams are non- 
trolled by modulation electrode G2, having a plural- 
ity of strip electrodes extending in vertical direction 

75 V to which a displaying signal for each pixel is 
applied. 

Furthermore, electron beams are controlled by 
layer G3 in association with driver 29 such that one 
electrode of a plurality of electrodes in layer G3 

20 extending in horizontal direction H is applied with a 
voltage from driver 29 so as to permit an electron 
beam to pass therethrough the through-holes 35 
provided along said one electrode and also to 
prevent electron beam to Das? through other 

?5 through-holes 35 provided along electrodes other 
than said one electrode. 

Thereafter, electron beams are further con- 
trolled by iayet G4 such that the electron beams 
are converged and focused on a suitable spot 

30 having a predetermined diameter within the fluores- 
cent member to produce an image on the face 
plate 1. 

Other than the layers G1 to G4 described 
above, it is possible to provide a further control 

35 layer to suitably deflect the electron beams. 

Since struts SB. S1. S1 # . S2, S2. S3. S3. S4, 
S4 t and SB are made of electric conductive ma- 
terial in the same manner as that described above 
in connection with Fig. 5, a small leakage current 

40 flows through the struts. Thus, the electric potential 
accumulated between the facing electrodes, such 
as anode 3 and electrode E4 will be maintained 
within a predetermined level, so that no spark dis- 
charge will take place between the electrodes 3 

4t* and E4 , or between any other racing electrodes. 

In the case when the facing electrodes have 
relatively low electric potential therebetween, i.e., 
where there is less possibility of producing the 
spark discharge, it is possible to exchange some of 

so the electrically conductive struts with electrically 
non-conducive spacers to be used between such 
electrodes. 

Furthermore, in the second embodiment, it is 
so described that the struts are provided on both 
55 surfaces of each of beam control layer so as to 
obtain a sufficient distance between the layers, but 
can be so arranged that the struts may be provided 
on only one surface of any of the beam control 
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layer if sufficient distance can ho obtained by the 
use of struts on only one surface. 



Ttiird Embodiment 

Referring to Fig. 9, a flat panel display device 
according to a third embodiment is shown in which 
only the face plate 1 and two beam control layers 
G3 and G4 are shown, but the back plate and other 
beam control layers are omitted for the sake of 
brevity. 

In this embodiment, the flat panel display de- 
vice is particularly for a color display device so that 
face plate 1 has the fluorescent member defined 
by black and color stripes 5B and 5 A occurring 
alternatively, and the color stripes being varied, for 
example, in the order of red, green and blue. 
Furthermore, an aluminum sheet is placed so as to 
cover both black and color stripes 5B and 5A. The 
black stripes 5B can be made by the use of 
graphite. Instead of elongated struts Sf, a plurality 
of separated struts SSf are aligned in vertical direc- 
tion along and over the Nack strip? so that role 
stripes 5A will not be hindered by any of the struts. 
Furthermore, the elongated struts S4 provided in 
beam control layer G4 is also replaced with sepa- 
rated struts SS4. 

Each strut is made from powder glass mainly 
containing PbO under the process of screen print- 
ing method. According to the preferred embodi- 
ment, the separated strut has such a dimension 
that its width, length and height are about 100 u,m, 
300um t and 100 urn, respectively. In this case, the 
strut width is made approximately equal to the 
width of the black strip 5B. 

In order to form the separated strut having a 
size explained above, five to ten times of repetitive 
operation of screen printing is required. After each 
screen printing operation, drying process is per- 
formed. Thereafter, at the final stage of the screen 
printing, the deposited struts are sintered at about 
450 e C and then are further sintered at about 300- 
550 °C under hydrogen atmosphere. The obtained 
struts will ha\Ji- such an eiectnc concuctivc char 
actcristics that the specific resistance of the strut is 
ootween 10° to 10'° ST cm. 

The conductive surface layer of the strut is also 
effective as a secondary electron emitter. Some 
other compound such as Pd-Ag compound, RuOz 
compound or Pt compound are also applicable for 
making the struts having conductive surface under 
screen printing. 

Additionally, deposition of secondary electron 
emitting material such as MgO on the surface of 
sintered strut can be applied, resulting in such an 
advantage that the electron beam current increases 
to eventually increasing the brightness of the im- 



age on the screen. 

According io the embodiment shown in Fig. 9, 
only the struts SSf on face plate 1 and the struts 
SS4 on lower surface of beam control layer G4 arc 
5 shown, but it is apparent to those skilled in the art 
that the similar struts are mounted on other sur- 
faces. 

It is possible to make each struts smaller in 
length so that each struts has a shape similar to a 

w thimble. Furthermore a plurality of thimble shaped 
struts may be aligned vertically and horizontally, or 
alternately, they may be provided at random. 

In operation electron beams 37 are guided 
through apertures 35 of layers G3 and G4 and 

75 impinge on fluorescent element 5A. The voltage 
applied to each electrode in larger G3 is approxi- 
mately less than 500 V, to each electrode in larger 
G4 is approximately 1 to 2 KM, and to each thin 
film of aluminum layer is approximately 3 to 5 KV. 

?o It is possible to form spurts S so as to have 

keen top through screen printing and sintering pro- 
cess. Struts S with such keen top aligned in hori- 
zontal and vertical directions will provide a spot 
contact resulting in less flow of electric current, 

25 thus minimizing the power consumption of flat pan- 
el display device. 

It will be apparent to those skilled in the art that 
the present invention achieves a flat pane! display 
device which can withstand the high potential be- 

30 tween electrodes without a spark discharge. 

Once a spark discharge takes place between 
the fluorescent layer and the beam control layer, 
the graphite thin film defining the black line 5B or 
fluorescent element 5A will diffuse, resulting in 

35 unrecoverable damaged of the flat panel display 
device. 

According to the present invention, since the 
fluorescent layer and the beam control layer make 
a spot contact when placed one over the other, the 

40 current through the strut reduces the possibility of 
producing the spark discharge. Furthermore, since 
the current flowing through the struts is relatively 
low, the energy consumption of the flat panel dis- 
play device n a n be minimized. 

Furthermore, Since struts formed on the flu- 
orescent Invor arc hold in contact with struts 
formed on the beam control layer G4, the struts on 
the beam control layer G4 will not be hold directly 
in contact with the fluorescent iaycr. Thus, the 

so quality of the display will not be reduced. 

As struts are formed on the non-luminous part 
of the fluorescent layer, all the displaying pixels 
originally formed on the fluorescent layer are en- 
sured for operation. 

55 Referring to Fig. 10, a modified beam control 

layer G is shown. According to this modification, 
the beam control layer G has, instead of through- 
holes 35. a plurality of slits 3b' extending parallel to 
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each other: Struts S are provided on the beam 
control layor portions between the slitc. With this 
modification, the positioning of the beam contract 
layer G can be done with more freedom, particu- 
larly in the slit extending direction. Thus, this con- 
struction reduce a precision requirement for locat- 
ing the beam control layers. 

Referring to Fig. 1 1 , another modified beam 
control layer G is shown. The beam control layer 
G is formed by a meshed plate, so as to reduce 
the precision of positioning required for the beam 
control layer G . If a mesh having sufficiently fine 
hules, whttn compared with the interval of struts is 
employed, the precision requirement for positioning 
the beam control layer G can be reduced. 

Furthermore, the meshed beam control layer 
G" can absorb the difference, caused by the ther- 
mal expansion, between the beam control layer G 
and struts S, diminishing adversely influence on 
the quality of display. 



Fourth Frnbodiment 



Referring to Fig. 12, a flat panel display device 
according to a fourth embodiment is shown which 
comprises a face plate 1 made of a transparent 
material, such as glass, an anode 3 ceposited on 
the face plate 1, and a fluorescent member 5 
deposited on the anode 3. The fluorescent member 
5 may be provided entirely over the anode 3 or in 
stripes. The flat panel display device further has a 
back plate 11 also made of glass and side walls 13 
extending between the face plate 1 and back plate 
11 and along the perimeter of the face and back 
plates so as to define an airtight housing by a 
sealing member 15 applied at joints between the 
face plate 1 and side wall 13, and also between the 
back plate 11 and side wall 13. 

Cathode 9 is formed by an metal embossed 
plate made of for example, tangsten, molybdenum, 
and is used as a field emitter. 

Provided in the housing, particularly between 
face plate 1 and back plate 11 is an intermediate 
spacing structure CL, wnicn comprises an concuc 
five plate 42 having an uoper surface deposited 
with a semi-cylindrical bead 41 and a lower surface 
deposited with a semi-cylindrical bead 41 , such 
that semi-cylindrical beads 41 and 41 extend in 
parallel to and in opposing relationship with each 
other. Conductive plate 42 is formed with through- 
holes for permitting the electron beam to pass 
therethrough. The height of intermediate spacing 
structure CL having semi-cylindrical beads depos- 
ited on both surfaces is approximately equal to the 
height of side wall 13. Inside the housing defined 
by face and back plates 1 and 11 and side wall 13 
is vacuumed, so that by the atmospheric pressure, 



face and back plates 1 and 11 are forced towards 
each other, resulting in pressure contact of sorni- 
cylindrical beads 41 and 41 against the cathode 9 
and the anode 3 respectively. 

s In operation, when a power is turned on, each 

cathode 9 emits electrons toward the facing anode 
3 in response to the voltage applied thereto. When 
emitted electrons impinge on anode 3, fluoroscont 
member 5 emits light so as to provide an illuminat- 

io ing image on face plate 1, when viewed from a 
side in front of the face plate. 

Semi-cylindrical beads 41 and 41 are made of 
electrical insulator by the technique of screen print- 
ing. 

75 Semi-cylindrical beads 41 and 41 are made of 

insulator and are locate on both sides of conductive 
plate 42 to provide a long discharge path, DP 
(shown by a dotted line in Fig. 12), which would be 
formed on the surface of semi-cylindrical beads 41 

20 and 41 '. This distance will prevent the possible 
spark discharge between electrodes since increase 
of this distance by 100 urn improves approximately 
1 KV of a withstand voltage when this distance is 
enu?i! to or smaller ihnn 2 mrr> Fven i f a spa^k 

25 discharge takes place, conductive plate 39 sand- 
witched by semi-cylindrical beads 41 and 41 will 
receive such discharge current. Thus, a flat pane! 
display device is protected from the occurrence of 
spark discharge between electrodes. 

30 Semi-cylindrical beads 41 and 41 improve the 

withstand voltage between cathode 9 and anode 3 
by providing a long distance path DP. 

Referring to Fig. 13, a modification of the fourth 
embodiment is shown, which is so arranged as to 

35 acquire longer discharge path DP. According to 
this modification, semi-cylindrical beads 43 and 44 
are additionally formed on back plate 11 and face 
plate 1, respectively. By the arrangement of Fig. 
13, improved withstand voltage characteristics can 

40 be obtained without changing the size of semi- 
cylindrical beads or changing its pitch. This can be 
obtained by inserting a further set of semi-cylin- 
drical beads having a similar construction as that 
described above between, for example face nlate 

-is i and intermediate spacing structure CL. 

I f will be apparent from the foregoing descrip- 
tion that the present invention, as described above, 
achieves a stable withstanding voltage characteris- 
tics and a clear and high quality image without 

so having many influence, such as shading, by the 
struts or the semi-cylindrical beads. 



Claims 

1 . A fiat panel display device comprising: 
a face plate made of transparent material; 
a back plate positioned parallel to said face plate; 
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a wall member extending between said tace plate 
and back plate around the per in inter thereof f> 
define an airtight housing: 

an anode provided on an inner surface of said face- 
plate; 

a fluorescent layer provided in association with said 
anode; 

a cathode provided in association with an inner 
surface of said back piate; and 
a plurality of struts made of electrically conductive- 
material tightly held between said back plate and 
face plate, 

whereby an electric charge accumulated between 
said anode and cathode is discharged by a leakage 
current flowing through said struts. 

2. A flat panel display device as claimed in Claim 
1, wherein each of said struts have a specific 
resistance of 10^ to 10 10 12 'cm. 

3. A flat panel display device as claimed in Claim 
1, wherein each of said struts is formed in a shape 
similar to thimble with a keen top so as to make a 
spot contact with said anode. 

4. A fiat panel display device as claimed in Claim 
1. wherein said struts are formed by the process o ; 
screen printing on said back plate. 

5. A flat pane! display device as claimed in Claim 
1, wherein said fluorescent layer has light emission 
stripes and non-emission stripes occurring alter- 
natively. 

6. A flat panel display device as claimed in Claim 
5, wherein said struts are held in contact with said 
n on- emission stripes. 

7. A flat panel display device as claimed in Claim 
1, wherein said strut is made of a glass selected 
from a group of PbO, Pd-Ag, Ru0 2 and Pt. 

8. A flat panel display device as claimed in Claim 
1 , wherein said strut has an outer surface covered 
with secondary electron emitting material. 

9. A flat panel display device as claimed in Claim 
8, wherein said secondary electron emitting ma- 
terial is glass. 

10. A flat panel display device comprising: 
a face plate made of transparent material; 

a back plate positioned parallel to said tace plate; 

a wall member extending between said taee piaK= 
and back plate around the perimeter thereof to 
oenne an arnignt nousing: 

a beam control layer inserted between said face 
plate and back plate; 

an anode provided on an inner surface of said face 
piate; 

a fluorescent layer provided in association with said 
anode; 

a cathode provided in association with an inner 
surface of said back plate; and 
a plurality of struts made of electrically conductive 
material tightly held between said beam control 
layer and face plate, 



whereby an electric charge accumulated between 
said anode and beam control layer is discharged 
by a leakage current flowing through said struts. 
11. A flat panel display device as claimed in Claim 

5 10, wherein said struts includes first struts provided 
on said beam control layer extending parallel to 
each other in first direction and spaced a predeter- 
mined pitch, and second struts provided on said 
face plate extending parallel to each other in scc- 

70 ond direction, perpendicular to said first direction, 
and spaced a predetermined pitch, so that struts 
are held in contact crossingly with each other at 
their tips. 

12 A flat panel display device as claimed in Claim 

75 11. wherein said struts are separated. 

13. A flat panel display device as claimed in Claim 
1 1 , further comprising a plurality of struts made of 
electrically conductive material tightly held between 
said back plate and beam control layer. 

20 14 A flat panel display device as claimed in Claim 

13, wherein said struts includes third struts pro- 
vided on said back plate extending parallel to each 
other in first direction and spaced a predetermined 
nitch. and fourth struts provided on said beam 

25 control layer extending parallel to each other in 
second direction, perpendicular to said first direc- 
tion, and spaced a predetermined pitch, so that 
struts are held in contact crossingly with each other 
at their tips. 

3D 15. A flat panel display device as claimed in Claim 

14, wherein said struts are separated. 

16. A flat panel display device as claimed in Claim 
10, wherein each of said struts have a specific 
resistance of 10 6 to 10 10 n*cm. 
as 17. A flat panel display device as claimed in Claim 
10, wherein each of said struts is formed in a 
shape similar to thimble with a keen top so as to 
make a spot contact with said anode. 

18. A flat panel display device as claimed in Claim 
40 10, wherein said struts are formed by the process 

of screen printing on said face plate. 

19. A flat panel display device as claimed in Claim 
10, wherein said struts are formed by the process 
of screen printinq on said back elate. 

4.s 20 A fiat panei display device as claimed :n Claim 
10, wherein said fluorescent layer has light emis- 
sion stripes and non-emission stripes occurring al- 
ternatively. 

21. A flat panel display device as claimed in Claim 
50 20, wherein said struts are held in contact with said 

non-emission stripes. 

22. A flat panel display device as claimed in Claim 
10, wherein said strut is made of a glass selected 
from a group of PbO. Pd-Ag, Ru02 and Pt. 

05 23. A flat panel display device as claimed in Claim 
10, wherein said strut has an outer surface covered 
with secondary electron emitting material. 
24. A flat panel display device as claimed in Claim 
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23, wherein said secondary electron emitting ma- 
terial is glass. 

25. A flat panel display device comprising: 
a face plate made of transparent material; 

a back plate positioned parallel to said face plate; 
a wall member extending between said face plate 
and back plate around the perimeter thereof to 
define an airtight housing; 

first and second beam tontml layers placed one 
over the other and inserted between said face plate 
and back plate; 

an anode provided on an inner surface of said face 
plate; 

a fluorescent layer provided in association with said 
anode; 

a cathode provided in association with said back 
plate; and 

a plurality of struts made of electrically conductive 
material tightly field between said first and second 
beam control layers, 

whereby an electric charge accumulated between 
said first and second beam control layers is dis- 
charged by a leakage current flowing through satd 

struts. 

26. A flat panel display device as claimed in Claim 

25, wherein said struts includes fifth struts provided 
on said first beam control layer extending parallel 
to each other in first direction and spaced a pre- 
determined pitch, and sixth struts provided on said 
second beam control layer extending parallel to 
each other in second direction, perpendicular to 
said first direction, and spaced a predetermined 
pitch, so that struts are held in contact crossingly 
with each other at their tips. 

27. A flat panel display device as claimed in Claim 

26, wherein said struts are separated. 

28. A flat panel display device as claimed in Claim 
25, wherein each of said struts have a resistance of 
10 s to 10 10 ohm. 

29. A flat panel display device as claimed in Claim 
25, wherein each of said struts is formed in a 
shape simitar to thimble with a keen top so as to 
make a spot contact with said anode. 

30. A flat panel display device as claimed in Claim 
25. wherein said struts are formed by the process 
of screen printing at least on one of said first and 
secono oeen control layers. 

31. A flat panel display device as claimed in Claim 
2h, wherein said fluorescent layer has light emis- 
sion stripes and non-emission stripes occurring al- 
ternatively. 

32. A flat panel display device as claimed in Claim 
31, wherein said struts are held in contact with said 
non-emission stripes. 

33. A flat panel display device as claimed in Claim 
25, wherein said strut is made of a glass selected 
from a group of PbO, Pd-Ag, Ru02 and PL 

34. A flat panel display device as claimed in Claim 



25, wherein said strut has an outer surface covered 
with secondary electron emitting material. 
35. A flat panel display device as claimed in Claim 
34, wherein said secondary electron emitting ma- 

f> terial is glass. 

3G. A flat panel display device as claimed in Claim 
25, wherein at least one of said first and second 
beam control layer is forme by a plate having a 
plurality of slits. 

jo 37. A flat panel display device as claimed in Claim 
25, wherein at least one of said first and second 
beam control layer is forme by a meshed plate. 
38. A flat panel display device comprising: 
a face plate made of transparent material; 

75 a back plate positioned parallel to said face plate; 
a wall member extending between said face plate 
and back plate around the perimeter thereof to 
define an airtight housing; 

a conductive plate made of electrically conductive 
?o material and inserted between said face plate and 
back plate; 

an anode provided on an inner surface of said face 
plate; 

a fluorescent layer provided tn association with sari 
25 anode; 

a cathode provided in association with an inner 
surface of said back plate; 

a plurality of first semi-cylindrical beads made of 
electrically non-conductive material and mounted 

30 on one surface of said conductive plate and held 
tightly in contact with said back plate; and 
a plurality of second semi-cylindrical beads made 
of electrically non-conductive material and mounted 
on another surface of said conductive plate and 

35 held tightly in contact with said face plate, 

whereby an electric charge accumulated between 
said anode and cathode is discharged along an 
outer surface of said first and second semi-cylin- 
drical beads through said conductive plate. 

40 39. A flat panel display device as claimed in Claim 
38, further comprising: 

a plurality of third semi-cylindrical beads made of 
electrically non-conductive material and mounted 
on said back plate and held tightlv in contact with 

said first semi -cylindrical oeaas; ana 
a plurality of third semi-cylindrical beads made of 
electrically non-conductive material and mounted 
on said face plate and held tightly in contact with 
said second semi-cylindrical beads. 

so 
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